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Plant cells resistant to glutamine synthetase inhibitors, made by genetic engineering. 



@ The invention relates to a DNA fragment containing a 
determined gene, the expression of which inhibits the antibiotic 
and herbicidal effects of Bialaphos and related products. 

It also relates to recombinant vectors, containing such DNA 
fragment, which enable this protective gene to be introduced 
and expressed into cells and plant cells. 
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Description 

GENETICALLY ENGINEERED PLANT CELLS AND PLANTS EXHIBITING RESISTANCE TO GLUTAMINE 
SYNTHETASE INHIBITORS, DNA FRAGMENTS AND RECOMBINANTS FOR USE IN THE PRODUCTION OF 

SAID CELLS AND PLANTS. 

The invention relates to a process for protecting plant cells and plants against the action of glutamine 
synthetase inhibitors. 

It also relates to applications of such process, particularly to the development of herbicide resistance into 
determined plants. 

It relates further to non-biologically transformed plant cells and plants displaying resistance to glutamine 
synthetase inhibitors as well as to suitable DNA fragments and recombinants containing nucleotide 
sequences encoding resistance to glutamine synthetase inhibitors. 

Glutamine synthetase (hereafter simply designated by GS) constitutes in most plants one of the essential 
enzymes for the development and life of plant cells. It is known that GS converts glutamate into glutamine. GS 
is involved in an efficient pathway (the only one known nowadays) in most plants for the detoxification of 
ammonia released by nitrate reduction, aminoacid degradation or photorespiration. Therefore potent 
inhibitors of GS are very toxic to plant cells. A particular class of herbicides has been developped. based on 
the toxic effect due to inhibit inhibition of GS in plants. 

These herbicides comprise as active ingredient a GS inhibitor. 

There are at least two possible ways which might lead to plants resistant to the inhibitors of the action of 
glutamine synthetase ; (1) by changing the target. It can be envisaged that mutations in the GS enzyme can 
lead to insensitivity towards the herbicide ; (2) by inactivation of the herbicide. Breakdown or modification of 
the herbicide inside the plant could lead to resistance. 

Bialaphos and phosphinothricin (hereafter simply designated by PPT) are two such inhibitors of the action of 
GS, (ref. 16, 17) and have been shown to possess excellent herbicidal properties (see more particularly ref 2 
as concerns Bialaphos). 

Bialaphos has the following formula (I) : 

CH 0 NIL CH 0 CH- 

i 3 i ^ i 3 | 3 

HO - p - CH 0 - CH 0 - C - CONH - C - CONH - C - COOH 
U 2 2 , l l 

O H H H 



PPT has the following formula (II) : 



CH . NFL 
I 3 j ^ 

HO - p - CH 0 - CH ~ - CH 

H 2 2 I 

c COOH 



Thus the structural difference between PPT and Bialaphos resides in the absence of two alanine aminoacids 
in the case of PPT. 

These two herbicides are non selective. They inhibit growth of all the different species of plants present on 
the soil, accordingly cause their total destruction. 

Bialaphos was first disclosed as having antibiotic properties, which enabled it to be used as a pesticide or a 
fungicide. Bialaphos can be produced according to the process disclosed in the united-states patent no 
3 832 394, assigned to MEIJI SEIKA KAISHA LTD., which patent is incorporated herein by reference. It 
comprises cultivating Streptomyces hygroscopicus , such as the strain available at the American Type Culture 
Collection, under the ATCC number 21 ,705, and recovering Bialaphos from its culture medium. However, other 
strains, such as Streptomyces viridochromogenes , also produce this compound (ref. 1). 

Other tripeptide antibiotics which contain a PPT moiety are or might be discovered in nature as well, e.g. 
phosalacin (ref. 15). 

PPT is also obtained by chemical synthesis and is commercially distributed by the industrial Company 
HOECHST. 

A number of Streptomyces species have been disclosed which produce highly active antibiotics which are 
known to incapacitate procaryotic cell functions or enzymes. The Streptomyces species which produce these 
antibiotics would themselves be destroyed if they had not a self defence mechanism against these antibiotics. 
This self defence mechanism has been found in several instances to comprise an enzyme capable of inhibiting 
the antibiotic effect, thus of avoiding autotoxicity for the Streptomyces species concerned. This modification is 
generally reversed when the molecule is exported from the cell. 
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S. fradiae , S, azure us. S. vinaceus S Jfhr«« n«n V P roduc,n 9 antibiotics, for example in 

(Ma^eDnl^^ viomycin. and^LS 

al., 1982 describes standard techniques which ca * fJ k ( 1 (ref 6 >-< ref -^ by CHATER et 

.n accordance with the present invention ^l^t ^XSvSf; ^ * 
also possesses a gene encoding an enzvme , , °, I " at btre Ptomyces hygroscopicus ATrr. cm 7 n C 

Bialaphos. Experiments carried out by l^^ l ^^^L^n^T^ ° f ,he antibiotic " Properties o 
process for controlling the action of" GS SSf base* I on PPT or H ^ SUCh 3 gene and its use " * 
GstS^ - — " * » — 3 - SiSSSS ^ JSCS ceiis and plants of « 

.ncorporated in plant cells and plants, to protect them aaa nst thJ cleo f t,de 0 se q u ences capable, when 
A further object of the invention is to provide non hToTo 3 ,^ ? tne act,on of inhibitors. 

neutralizing or inactivating GS inhibitors »»»-«'"-ogicaiiy transformed plant cells and plants capable of 15 
A further object of the invention is to provide a nrorp^ for cct^t;, . 

herbicides of a GS inhibitor type P 5 f ° r se,ect,ve, y Protecting plant species against 

analogous herbicides. neroiciaai errects of Bialaphos and of structurally 

foreign nucleotide sequence, capable o ' e? D re?sS??n thP ! heterologous DNA fragment including a 
under condition such as to cause said hete ofoZ dS SraV,5n?ta£ ^'T^ Said P ' ant Ce " S and *™». 
in the cells of said plants, and wherein sale ? prlteS h^n en v™ ?r Stab| y throu 9" generations 

neutralization of said glutamine synthetase inhibitor enzvmatlc act.vity capable of inactivating or 

compTs™ 

inhibitors. 9 Same actlvlt y) and which encodes resistance to a said GS 

pcisssts? .^xrisKs say- n,,on e ° mpr ' se5 a nucteo,iae — • ■ 
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x ser Pro glu 

1B3 

ARG ARG PRO ALA ASP ILE ARG ARG ALA THR GLU ALA ASP MET PRO 

228 < 

ALA VAL CYS THR ILE VAL ASN HIS TYR ILE GLU THR SER THR VAL 

10 ' 273 

ASN PHE ARG THR GLU PRO GLN GLU PRO GLN GLU TRP THR ASP ASP 
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3 La . * 

LEU VAL ARG LEU ARG GLU ARG TYR PRO TRP LEU VAL ALA GLU VAL 

363 

ASP GLY GLU VAL ALA GLY ILE ALA TYR ALA GLY PRO TRP LYS ALA 
20 409 

ARG ASN ALA TYR ASP TRP THR ALA GLU SER THR VAL TYR VAL SER 



25 



453 

PRO ARG HIS GLN ARG THR GLY LEU GLY SER THR LEU TYR THR HIS 
498 

LEU LEU LYS SER LEU GLU ALA GLN GLY PHE LYS SER VAL VAL ALA 

30 5*3 

VAL ILE GLY LEU PRO ASN ASP PRO SER VAL ARG MET HIS GLU ALA 
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53a 

LEU GLY TYR ALA PRO ARG GLY MET LEU ARG ALA ALA GLY PHE LYS 

623 * " . 

HIS GLY ASN TRP HIS ASP VAL GLY PHE" TRP GLN LEU ASP PH? SER 

ao 673 

LEU PRO VAL PRO PRO* ARG PRO VAL LEU PRO VAL THR GLU ILE ■ 



45 



723 



in which X represents MET or VAL. which part of said polypeptide is of sufficient length to confer protection 
against Bialaphos to plant cells, when incorporated genetically and expressed therein, i.e. as termed hereafter 
"plant-protecting capability" against Bialaphos. 
50 A preferred DNA fragment consists of the following nucleotide sequence : 
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183 ... GTG AGC CCA GAA 

C^CSC CCG CCC GAC ATC CGC CGT GCC ACC L 3 GCG GAC AT3 CCG 
SC^TC TGC .CC ATC GT C " AAC CAC TAC ATC GAG ACA AGC ACG ETC 
A^TTC CGT ACC GAG ' CCG CAG GAA CCG CAG GAG TGG ACG GAC GAC 
CTCJTC CGT CXG CGG ' GAG CGC TAT CCC TGG CTC GTC GCC GAG GTG 

GCC ™ -G GGC CCC TGG AAG GCA 
CGC 5 AAC GCC TAC GAC TGG ACG GCC GAG TCG ACC GTG TAC GTcVc 
CCC ? CGC CAC CAG CGG ACG GGA CTG GGC TCC ACG CTC TAC ACC CAC 
CTG^CTG AAG TCC CTG GAG GCA CAG GGC TTC AAG AGC GTG GTC GCT 
GTC e ATC CGG CTG CCC AAC GAC CCG AGC GTG CGC ATG CAC GAG GCQ 

CTC GGA TAT GCC CCP rnr r— - 

633 -C CCC CGC G.C ATG CTG CGG GCG GCC GGC TTC AAG 

CA^GGG AAC TGG CAT GAC GTG GGT TTC TGG CAG CTG GAC TTC A5C 
CTOCCG GTA CCS CC C CGT CCG GTC CTG CCC GTC ACC GAG ATC 

°7hein^ protecting capability against Bialaphos 

replacement of any of its nucleotides by Si 1 2 Zv "ST" ° ne ind ' Cated Kove by the 
DNA sequence mentioned hereabove ^(normal^ wTtrl u ^ od ^ ,n 9 genetic information of the preferred 
furthermore to any equivalent DNA se^ZTl I . mean.ng of the universal genetic code! I 

Pr Zl^^r^ ial ^ ^^^T W ° Uld GnCOde 3 P^P e P^e%arg C t 0 he e, sa r 
In a same manner, the invention pertains to Ama , d &S " m,ted thereto - 
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NH, 



HO- P- CH 2 - CH 2 - CH- COOH 



H 



(III) 
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15 HO- P- CH 2 - CH 2 - CH- CO- Ala- Ala 
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More generally, the invention has opened the route to the production of DNA fragments which, upon proper 
incorporation into plant cells and plants, can protect them against GS inhibitors when contacted therewith, as 
this will be shown in a detailed manner in relation to Bialaphos and PPT in the examples which will follow. 

25 This having been established, it will be appreciated that any fragment encoding an enzymatic activity which 
would protect plant cells and plants against said GS inhibitors, by inactivationg, should be viewed as an 
equivalent of the preferred fragments which have been disclosed hereabove. This would apply especially to 
any DNA fragments that would result from genetic screening of the genomic DNAs of strains, particularly of 
antibiotic-producing strains, likely to possess genes which, even- though structurally different, would encode 

30 similar activity with respect to Bialaphos or PPT, or even with respect to other GS inhibitors. This applies to any 
gene in other strains producing a PPT derivative. 

Therefore, it should be understood that the language "Bialaphos-resistance DNA" or "Bialaphos-resistance 
enzyme" used thereafter as a matter of convenience is intended to relate not only to the DNAs and enzymes 
specifically concerned with resistance to PPT or most directly related derivatives, but more generally with 

35 other DNAs and enzymes which would be capable, under the same circumstances, of inactivating the action in 
plants of GS inhibitors. 

The invention also relates to DNA recombinants containing the above defined Bialaphos-resistance DNA 
fragments recombined with heterologous DNA. said heterologous DNA containing regulation elements and 
said Bialaphos-resistance DNA being under the control of said regulation elements in such manner as to be 

40 expressible in a foreign cellular environment compatible with said regulation elements. Particularly the 
abovesaid Bialaphos-resistance-DNA fragments contained in said DNA recombinants are devoid of any DNA 
region involved in the biosynthesis of Bialaphos. when said Bialaphos-resistance-DNA fragment originate 
themselves from Bialaphos-producing strains. 

By "heterologous DNA" is meant a DNA of an other origin than that from which said Bialaphos-resistance- 

45 DNA originated, e.g. is different from that of a Streptomyces hygroscopicus or Streptomyces viridochro- 
mogenes or even more preferably a DNA foreign to Streptomyces DNA. Particularly said regulation elements 
are those which are capable of controlling the transcription and translation of DNA sequences normally 
associated with them in said foreign environment. "Cellular" refers both to micro-organisms and to cell 
cultures. 

50 This heterologous DNA may be a bacterial DNA, particularly when it is desired to produce a large amount of 
the recombinant DNA, such as for amplification purposes. In that respect a preferred heterologous DNA 
consists of DNA of E. coli or of DNA compatible with E. coli . It may be DNA of the same origin as that of the 
cells concerned or other DNA. for instance viral or plasmidic DNA known as capable of replicating in the cells 
concerned. 

55 Preferred recombinant DNA contains heterologous DNA compatible with plant cells, particularly Ti-plasmid 
DNA. 

Particularly preferred recombinants are those which contain GS inhibitor inactivating DNA under the control 
of a promoter recognized by plant cells, particularly those plant cells on which inactivation of GS inhibitors is to 
be conferred. 

60 Preferred recombinants according to the invention further relate to modified vectors, particularly plasmids, 
containing said GSTinhibitor-inactivating DNA so positioned with respect to regulation elements, including 
particularly promoter elements, that they enable said GS inhibitor-inactivating DNA to be transcribed and 
translated in the cellular environment which is compatible with said heterologous DNA. Advantageous vectors 
are those so engineered as to cause stable incorporation of said GS inhibitor inactivating DNA in foreign cells, 

65 particularly in their genomic DNA. Preferred modified vectors are those which enable the stable transformation 



6 



jansport of the enzyme JL^^SSS^ inVention ' 1^1???; deemed. 
? frasment is fused to a gene or?DNA f«« P res,Stance -° NA ir "to the cWornn ? eS ' red to achie ™ 
being , he n intercalated between , he the heterologous 

As concerns means capable of achteSnn^ k ° r inacMv «lng gene and the o.^nf menti °ned fragment 
applications 84 32757 fiioH ™ °/ acn,evin 9 such constructions rsf^n^ ^ P nt P r °moter selected 
app.iea, on* and 85 oSCSTS ^rvT^ '*»"^r,, ish 

b.phosphate |B UB P) carbox*a 5e oMha, a?. ' h ° se associated wX'e .™I . "„" er the 

^?h:r,? e r WMD -'~ 

More particular,, the lmMlm are ""••bl. for us. ,„ ,h e proc . K 

starting plant cells or plant tissue rS»w f P tissue deluding said £t2S ,b,, ° r ' com Prising the 
or reproduction material o si D?ant? - k^" 888 that inhibitin 9 o? neutrSnn?^! 9ene,,C Serial from 
material and. optionally, b^log ca» TjJ ?° th ^ Said P ,ant cells or Sn re 9 enera «ng plants 

wherein said non-biological sfeps of orod " 9 ' aSt ™<™°ned plants t re ' ro T "J P 8 *** 96netic 
genetic material, comprises S P rodu cing said plant cells or olant «- reproduct '°n material or both 
containing a nuc..^™^ plant ce,?s 0 ?pU, Z^?? 8 Said ^rologoLs 

those which are capable of enabTLo S B ^ Pr ° tein ' as we " as the eaulat^ T 3 ^recombinant 

• ™ e invention concerns more Dartirn?«H .1. Position at dosages which would 

Plants. ^^VZomI^T^IT""^' °< •-^^^L^Srf" 5enomte " NA *» d 
capable of inactivating or heSSS °?!. S 3 pr0,ein '"ducing , non'.Z.^ " ™' erlal - » e ds and 
« said „„„, CMs r,produc„'™m,,.r?a? £,£1°' T™"" BabphoTanTK"^* 0 enZym "" c 

— e , 0 plams be , 0 -var. ,nd u oed ^^Z^~''^^JZS^ 

one another and comprising the 
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incorporation into said plant material of heterologous DNA, e.g. bacterial ON A or chemically synthesized DNA 
which does not normally occur in said plant material or which normally cannot be incorporated therein bv 
natural breeding processes, and which yet confers a common phenotype (e.g. herbicide resistance) to them 
The invention is of particular advantageous use in processes for protecting field-cultivated plant species 
against weeds, which processes comprise the step of treating the field with an herbicide, e g Bialaphos or 
nl. a f 9< ! effec !! ve t0 ki " said weeds ' wherein the cultivated plant species then contains in their genome 
Stor 39 " 1 encodm9 a protein navin 9 an enzymatic activity capable of neutralizing or inactivating said GS 

^ 1 al ^u V °l illust < ra l io ? on| y' effectiv e doses for use in the abovesaid process range from about 0.4 to about 
10 1.6 kg/Hectare of Bialaphos or PPT. 

There follows now a disclosure of how the preferred DNA fragment described hereabove was isolated 
starting from the Streptomyce s hygroscopicus strain available at the American Type Culture Collection under 
deposition number ATCC 21 705, by way of examplification only. 

The following disclosure also provides the technique which can be applied to other strains producing 
compounds with a PPT moiety. a 
The disclosure will then be completed with the description of the insertion of a preferred DNA fraoment 
conferring to the transformed cells the capability of inactivating Bialaphos and PPT Thus the 
B.aaphos-.nactivating-DNA fragment designated thereafter by Bialaphos-resistance gene or' "sfr" aene 
isolated by the above described technique into plasmids which can be used for transforming plant cells and 
conferring to them a resistance against Bialaphos, also merely by way of example for non-limitative illustration 

p u SOS* 

The following disclosure is made with reference to the drawings in which : 

- fig. 1 is a restriction map of a plasmid containing a Streptomyces hygro scopicus DNA fraqment 
encoding B.alaphos-resistance, which plasmid T designated hereafter as pBG1 has been constructed 

25 according to the disclosure which follows ; 

- fig. 2 shows the nucleotide sequence of smaller fragment obtained from pBG1 subcloned into 
another plasmid (pBG39) and containing the resistance gene ; 

- fig. 3 shows the construction of a series of plasmids given by way of example, which plasmids aim at 
providing suitable adaptation means for the insertion therein of the Bialaphos-resistance qene or "sfr" 

30 gene ; 

- fig. 4A and 4B show the construction of a series of plasmids given by way of example, which plasmids 
contain suitable plant cell promoter sequences able to initiate transcription and -expression of the foreian 
gene inserted under their control into said plasmids ; 

- fig. 5A shows a determined fragment of the nucleotide sequence of the plasmid obtained in figure 3 ■ 

- fig. 5B shows the reconstruction of the first codons of a Bialaphos-resistance gene, from a Fokl/Balll 
fragment obtained from pBG39 and the substitution of an ATG initiation codon for the GTGlrTitialfen 
codon of the natural "sfr" gene ; 

- fig. 5C shows the reconstruction of the entire "sfr" gene, namely the last codons thereof and its 
insertion into a plasmid obtained in figures 4A and 4B ; 

- fig. 6A shows an expression vector containing the "sfr" gene placed under the control of a plant cell 
promoter ; 

- fig. 6B shows another expression vector deriving from the one shown in fig. 6A, by the substitution of 
some nucleotides. 

- fig. 7 shows the construction of a series of plasmids given by way of examples, to ultimately produce 
plasmids containing the promoter region and the transit peptide sequence of a determined plant cell 
gene, for the insertion of the "sfr" gene under the control of said promoter region and the downstream of 
said transit peptide sequence. 

- fig. 8 to 1 1 will be referred to hereafter. 
The following experiment was set up to isolate a Bialaphos-resistance-gene from S. hygroscopicus 

according to standard techniques for cloning into Streptomyces . ' 

2.5 ixg of S. hygroscopicus genomic DNA and 0.5 ug of Streptomyces vector plJ61 were cleaved with Pstl 
HnSTA!? < ?, eSCr L b ! d £ r6f - 6 ' ThS V6Ct0r ,ra Sments and genomic fragments were mixed ind 

9 i, HI. T S C followed b ^ 72 hours at 4 °C in ligation salts which contain 66 mM Tris-HCI (pH 7 5) 1 

m , i Th ™ r!T. a , M9C ' 2, 10 mM 2 - merca Ptoethanol and 0.1 mM ATP) at a total DNA concentration of 40 ug I 
ml - 1 with T4 DNA hgase. Ligation products were introduced into 3 x 10* S. lividans strain 66 protoplasts by a f < 
transformation procedure mediated by polyethylene-glycol (PEG) as described hereafter. These protoplasts I F 
gave rise to 5 x io? colonies and 4 x 10* pocks after regeneration on 20 plates of R2 agar containing 0 5 <Vb of 
Difco yeast extract (R2 YE). Preparation and composition of the different mediums and buffers used in the 
disclosed experiments are described hereinafter. When these lawns were replica-plated on minimal medium r 
plates containing 50 ug ml-' Bialaphos. drug resistant colonies appeared at a frequency of 1 per 10* - I tr ' 
transformants. After purification of the drug resistant colonies, there plasmid DNA was isolated and used to I of 
retransform S. Iiv.dans protoplasts. Non selective regeneration followed by replication to Bialaphos-contain- I Gl 
mg-medium demonstrated a 100 <Vb correlation between pocks and Bialaphos resistant growth The I 90 
^ recombinant plasmids of several resistant clones all contained a 1.7 Kb Pstl insert (see fig. 1). I ' 
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Subcloninq of the herbicid e resistance aene 

The 1 7 u'k : x — r: ■ — — 



— — "^'^^i^c i caiatdnce gene 

gene^pS^S slSS^J^^JS^ -epto my cete vector P U385 to 
. to Bialaphos. S. lividans gro^hlslTormally inwEted in Z2K 6 T° 5 °° ,imeS more resistant 
of transformants containing P BG20 w^s no J no? cearTTnh wt ? Um !, 0nta,nin 9 1 ^ /ml Bialaphos ; growth 
The Pstl fragment was also sSbdoneSn M™o^t£n to^ C ° ntainirl 9 500 W"nl Bialaphos. 

plasmids P BG1 and pBG2, according to te"^^^^ P ' aSm,d pBR322 ' to P roduce 

-L T^Tr 9 PBG1 ° r PB ° 2 ^Z£^-££l£ a ' mediUm de ™ s ^ d that £ 
P.asm7d PBgS.^S?^^ ^nT^ P U ™ to produce the 

Using an mvitro coupled transcript ^S^^i "^^r*? JM83 ' 
Pstl -BamHI fragment in pBG39 was shown to direct the «Jnth«£ f " V ' danS ex,racts . the 1.65 Kb 

Kb insert includes a fragment coding 10?.^^^ 

Fine mapping and sequencing of the gene 

The orientation of the gene in the SauTA f™™.^ 5 P G94, accordln 9 to the orientation. 

Bialaphos resistance coufd b n^ef^,^S£ SS^S ^ eXpenmentS whicn hav * shown that 
IPTG (0.5 mM) the resistance of pBG93W3 MC MnSeUed from s t £° m °, ^ PBG93 - ,n ,he P resence <* 
Bialaphos. The W31 10 host devoid of pBG 9 Td d not arow ^ 50 W > /m ' ° n 3 M9 medium containing 

experiments demonstrated that the SauS 'f ragmen? could ^^b^sub^H 0 "^ 0 '" 9 , 5 ^ /m ' Bia,aphos ' Thes « 
provided for the proper orientation aHhowr in ?th! f a 2 Lnrln ?2. d w-thout loss of activity. They also 
clones was detected by using coupled trans^rUi™ ^ thereafter. The protein encoded by these 

(ref. 7). Depending on the orientaSor To the » V ,T denved fr ° m 6Xtracts of S - livida ^ 
observed ; 22 Kd for pBG94 and + 2? Kd for M£t K?,T„h ' TUT'™ Pr ° dUCtS ° f different 
the entire resistance gene and thai a fus on orotS, 1c f ^ ^ the ^ 3A fra 9 ment did ™t contain 
resulting from the translation of a pUC19 sequence inC ' Uded 3 P 0, yP e P tid e sequence 

In order to obtain large amounts of the protein a 1 7 Kh P«ti fr=.„ m ~„. * r,~. 
copy number Streptomycete replicon plJ38 ^ ThVnhta.Sr ? 9 m * nt fr ° m P BG1 was cloned into the high 
h^roscopicus. Transformants whTh con afned this ^ W3S USed to ^ansform I. 

activity and also had increased amounts of a 22 kri nT^f more Jhan 5 tames as much PPT acetylatini 
Furthermore, both the acetyl transferee and the L ^n? t • °" SOdlUm dodec V lsulfa te gels (SDS gels), 
begun. The correlation of the in vi ro data kine^S f of sJlTJ™*^ P roduction ° f Bialaphos 

PBG20 transformants stronglylmpliid thSi this 2 £h X ' ^ amP " fied ex P ressi °n associated with 

The complete nucleotide a *°Z 
sequences. Computer analysis revealed the prSenc^oTa^ o?en T-/"* determ,ned as we » as °' Wanking 
Sau3A fragment. presenc of an open reading frame over the entire length of the 

Characterization of the sfr gene product 

sequence of the enzyme was determined As concernT™! en* <* the resistance gene, the NH 2 -terminal 
S.pj.mb.r 2n<. ,985, .. J*^rS ^^'* ,3W *^ 

amino-acid composition and partia"fequencTof Z k- ^ ,re " 8) " This a,lows the determination of 

22 Kd pro,ei " ,0 "" Edm *" 

"Slrf^ ess r -r ?r *- - - 

often used as initiator codon in Streptomvces ItnL, ? ar " erat 3 GTG initiation codon GTG is 

GTG initiation codon would be ^SSSS^^ T ^S^l me,h,oni , ne - The translated from the 

good agreement with the observed aoprS^ 

625T|LS^^^ " he S^3A site. Cloning of the 

codon.Thisexp,ainedthefusi^^ 
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Mechanism of PPT-resistance 

Having defined a first phenotype and some of the physical characteristic nt ^ • . 
gene product, a series of experiments was then carrieS out to undeTstand th! res '*tance gene and its 

res ( stance. As described hereabove. PPT is the portion of BiL^nh^= K K th ®." lechanism b V which it confers 
and that N-acetyl PPT is not an inhibitor ^n^TSSSf S2 y ' ^^'"^^'^amine synthetase (GS) 
denvates were shown to contain a PPT acetyl transferase which w/ c SS", !" h j 9 osco P'CUS ATCC 21 705 
not acetylate the Bialaphos tripeptide S Ens "car^nn^Sl ? t d S " " vidans - The activ *V does 

plasmid containing the 625 bp sJsVHnSiSt c Sed into ^ 

contained the activity which coulTace tyST pPT Z no? Ltanh t! 6 " 'T' 6 VSCt ° r ' p,J680 > also 
produced by extracts of pBG20/S. UvldanV^s^lrtedTo^tn < de "' Ved reaCt '° n product 

Analysis by mass spectroscopy Ih^^haTtoe motn lr Z°ST m ,hat " W3S indeed acetyl-PPT. 
equivalent of one acetyl group ^i^us ^^^t^^' re ' atiVe t0 PPT b V the 
which code tor PPT acetyl transferase COn °' Uded ,hat the 625 bp Sau3A fragment contained sequences 

The experimental conditions and reagents used in the techniques disc.osed hereabove were as fo„ows : 
Preparation and composition of the mediu ms and buffers abov„ „„ h 

«iu^S^J^^^^^^^ ° °f 1j>9C.a.6H,0 and 0.2 m. of a trace element 

ml of CaCI 2 . 2H 2 Q (3.68 Bntif^^^^^S^r^lT ^w' 1 m ' ° f KHzP ° 4 ( °- 5 ° /0K 10 
(per litre) : 2nC 2 , 40 mg ; FeClTeic ) Sc "mi ^^P^ 7 ^ ar n e added - Trace element solution 
Na 2 B 4 O 7 .10H 2 O,10mg;(NH; )6 Mo 7 O 2 4 4H 2 O Tomg ' CuC ' 2 2H2 °- 10 m 9 = MnCI 2 .4H 2 0. 10 mg ; 

trace e.ement solution. 1^1 o KH o 5^ 8 02 ml «/? Af '^u ^.f a " d autoclav ^. 0.2 ml of 
(20 0/ 0 ), 10 ml of TES buffer (0 25 MUpH 7 2^05 Z Z m m^ m 2 ^ 2 ° (3 68 ° /0K 15 ml of L 'P T °^ 
sequentially added. ' <P °' 5 ml ° f (1 M) NaOH ' 5 ml of V^st extract (10 o/ 0) are 

3° TE : 10 mM TRIS HCI, 1 mM EDTA pH8 0 

(1 to)— : DifC ° yeaSt eXtraCt (0 3 ° /0h Difc ° ™<™ «« o/o), oxoid ma„ extract (0.3 o/ 0 ), giucose 

Transformation of S. lividans protoplasts 

1 - A culture composed of 25 ml YEME. 34 o/ 0 sucrose 0 00^ M Mnn n c «/ , ■ 
flask, is centrifuged during 30 to 36 hours sucrose ' 0 005 M MgCI 2 , 0.5 o/ 0 giycne, in a 250 ml baffled 

cel^,^ WO °' Pr ° tOP ' aStS "» Sedi ™^ d <" a bench 

7. Protoplasts are suspended in 4 ml P medium and centrifuged again 

s£™^t7fo^ SUSP6nded the dr °P <* P -^ium ,eft after pouring off the 

9. DNA is added in less than 20pJ TE 

OS M TRis-mailic^d 0 ' pH S if plSsTrJcfe^ts, ^ 8UCre "' ° °° 14 ^ 01 M 

components. P ' P 3Ce elements > ' s '"mediately added and pipetted once to mix the 

clntrJug e a r tio 0 n. SeCOndS - 5 "* ° f P mediUm are added and the Protoplaat. are sedimented by gentle 

12. The pellet is suspended in P medium (1 ml) 

laminir SS^" " R2YE P ' at6S (f0r «™ f °'™«™ "Y P'ates to 850/o of their fresh weigh e. g. in a 
1 4. Incubation at 30° C. 

A - Construction of a "sfr" gene cassette 

A "sfr" gene cassette was constructed to allow subspnnenf ^i^i^ • 

Isolation of a Fokl-Bglll fragment from the plasmid dBG^ r™, 9 . P ' 3nt ex P ressi °" vectors, 

the first codons— ncluding the initiation coJo r^^^^ ^ fT 1r ^^ Mto ^^ 

This fragment of the "sfr" gene could be reconstruct^ ♦ c °dons. includmg the stop codon. 
appropriate amino-acids. reconstructed mvjtro w,th synthetic oligonucleotides which encode 

The complementary synthetic oligonucleotides were 5'-CATRArrrr*rA,^ _ „ 

By using such synthetic oligonucleotides the 5' end of^he^^^- 3 3 -TCGGGTCTTGCTGC. 

initiation codon substituted for a codon well translated S, iLf n*™ C ° U ' d be reformed and the GTG 



10 



0 242 246 



appropriate plasmid, which contained a H P t orrMi .^ ■ , 

"adapter" fragment. 8 determ ' ned nucleot.de sequences thereafter designated by an 
This adapter fragment comprised : 

- a TGA termination codon which pnahi^n th^ 

- appropriate restriction sites Stoh th "f" 96ne t0 be r «°'™* : 

. comprising the "sfr" gene partially eforme J Jhe svnth^ 2" ? 9mem °' nUC ' e ° tide se " ue "<* 
reconstruction of an intact "sfr" gene • V th6t ' C °" aonuc| e°t.des ; this insertion resulted in me 

' T P h P o r "c P f r ^ te restriction sites ^e isolation of the entire "sfr" aene 

1o instruction of the plasmid pLK56 2 ffirj 3) 

>™dTr^^ 

drawings by are in broken line) obtained Nco'-Ndel fragment (referred to in the 

fragment shown ., :b ; Ligation „U po^3^fS n ^S™^« u, r 1 PLK56 '° r ,he B.mH, Nde! 
polymerase I of E. coll (Klenow's fragment! — 0 P'°t'uding ends witlTfn. DNA 

-j'^s'Sfzus'sr Ffis^r* ,he «> - ***** 

After recircularization by means of the T4 DNA |j aa «p thoX ■ * , 
seguence which comprised tne neeessa. ™S^Z^£,^ 

2 ° Construction of the plasmid nfism m (f ig 4A) 

Parallel with the last discussed construction there was nmdnron 
sequence recognized by the polymerases of plant ceHndTc^ containing a promoter 

sa, d promoter sequence in the direction of transcription whicf SitSf c-t ^ ^ downs ^am of 
the accomodation of the "sfr" gene then obtainable from Sfil ^* ' T ^ intended to enab| e 

Plasm,d P GV825 is described in DEBLAERE et al TreT oi S Z ? ,21% COntr0 ' of said P |ant Promoter 

PGV825 was linearized with Pvu.l and rec" cJarSed by the S Sf 63 te f T BOTTERMAN (ref. , V . 
' fr39ment show n^"(e). (Plasmid pGvlsS) 93Se ' reSU ' t,n9 in the del <*on of an 

PGV956 was then cleaved by BamHI and Bglll 

^ -h - intestine phosphatase <° 

TR r-2' promoter fragment described in VE*S e, 11m J^n f ' a,Kr P ' asmla c "™" »» dual 
digested with Hpal and Hindlll and yielded pGSH150 fragment was Inserted in pGV1500 

an^?"r forjlolr Pr ° m<I,e ' ,ra9 ™"' h *'°™ - »» » « - «» T-NA transcript , ,„ a . eam H , 

3o Construction of the plasmid pGSJ26Q ffio 4B) 

. CP3 ' S 3 D,asmid derived from pBR322 and which contains th* 
virus within a BamHI fragment. contains the 35S promoter region of cauliflower mosaic 

PGSH150 was cut by BamHI and Bglll 

p£SK* " a9me "' '™ "«« <-• 1» - '-ted ,n „ GSJ25 0 „ the Bo,,, ,i,. to form piasmid 

further modified as discussed below to yiela pQSRl Pr,C " Ca ' Thus P1-K56.2 was 

wer. a ™ar° m P,aSmi3 PGSJ26 °' •» —a -or subseguen, translations o, p„„, ce„s 

- a first plasmid permitting the expression of the ^fr- *u 

■ a second piasmid so modified 'as to ^ £ XSSZSZfZSX. to the 
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- chioroplasts of plant cells. 
First case : plasmid enabling the expression of the "sfr" gene in the cytoplasm of plant cells 

Cloning of the sfr gene cassette in a plant expression vector (p GS R2) (fig. 5) 

On figure 5A, the nucleotide sequence of the adapter of pLK56.2 is shown. In particular, the locations of 
Bam Hl, Nco l, Bglll restriction sites are shown. 

This adapter fragment was cleaved by the enzymes Nco l and Bgl ll. 

Figure 5B shows the Fokl-Bglll fragment (j) obtained from pBG39. The locations of these two restriction 
sites are shown on figure 2. 

Using synthetic oligonucleotides, the first codons of the "sfr" gene were reformed, particularly the 5' end of 
the gene in which a ATG initiation codon was substituted for the initial GTG codon. 

This Fok l-Bglll fragment completed with the synthetic oligonucleotides was then substituted in pLK56.2 for 
the Ncol-Bglll fragment of the adapter. The 3' end of the gene was thus reformed too, after recircularization 
with T4 DNA ligased. The plasmid obtained, pGSR1, thus contained the entire "sfr" gene inserted in its 
adapter. 

The plasmid pGSJ260 was then opened by Bam Hl (fig. 5C) and the Bam Hl fragment obtained from pGSR1, 
which contained the entire "sfr" gene, was inserted into pGSJ260. 

The obtained plasmid, pGSR2 (see fig. 6A) contained a pBR322 replicon, a bacterial streptomycin 
resistance gene (SDM-SP-AD-transferase) and an engineered T-DNA consisting of : 

- the border fragments of the T-DNA ; 

- a chimeric kanamycin gene which provided a dominant selectable marker in plant cells ; and 

- a chimeric "sfr" gene. 

The chimeric "sfr" gene consisting of : 

- the promoter region of the cauliflower mosaic virus (p35S) ; 

- the "sfr" gene cassette as described in fig. 5 ; 

- the 3' untranslated region, including the polyadenylation signal of T-DNA transcript 7. 

pGSR2 was introduced into Agrobacterium tumefaciens recipient C58CIRifR (pGV2260) according to the 
procedure described by DEBLAERE et al. (ref. 10). 

This strain was used to introduce the chimeric "sfr" gene in N. tabacum SRi plants. 

Two variant plasmids deriving from pGSR2, namely pGSFR280 and pGSFR281 , have been constructed. They 
differ in the untranslated sequence following the transcription initiation site. In pGSR2, this fragment consists 
of the following sequence : 

GAGGACACGCTGAAATCACCAGTCTCGGATCCATG ; 
while it consists of : 

GAGGACACGCTGAAATCACCAGTCTCTCTACAAATCGATCC ATG 
in pGSR280 and of 

GAGGACACGCTGAAATCACCAGTCTCTCTACAAATCG ATG 

in pGSFR281 ( with an ATG codon being the initiation codon of the "sfr" gene. The "sfr" gene is also fused to 
the TRV-2' promoter in the plasmid pGSH150 (fig, 4A) yielding pGSFR160 and pGSFR161 (fig. 6B). These 
plasmids contain slight differences in the pTR2 "sfr" gene configuration : the "sfr" gene is correctly fused to 
the endogenous gene 2' ATG in pGSFR161 (for sequences see ref. 13), whereas 4 extra base pairs (ATCC) are 
present just ahead .of the ATG codon in pGSFR160. Otherwise, plasmids p65FR161 and p65FR160 are 
completely identical. 

All plasmids are introduced in Agrobacterium by cointegration in the acceptor plamids pGV2260 yielding the 
respective plasmids pGSFR1280, pGSFR1281. pGSFR1160 and pGSFR1161. 

Second case : construction of a plasmid containing the "sfr" gene downstream of a DNA sequence encoding a 
transit peptide and suitable for achieving subsequent translocation of the "sfr" gene expression product into 
plant-cell-chloroplasts 

In another set of experiments, the nucleotide sequence which contained the "sfr" gene was fused to a DNA 
sequence encoding a transit peptide so as to enable its transport into chioroplasts. 

A fragment of the "sfr" gene was isolated from the adapter fragment above described and fused to a transit 
peptide. With synthetic oligonucleotides, the entire "sfr" gene was reconstructed and fused to a transit 
peptide. 

The plasmid (plasmid pATS3 mentioned below) which contained the nucleotide sequence encoding the 
transit peptide comprised also the promoter sequence thereof. 

Construction of the plasmid p GS R4 which contains the "sfr" gene fused to a DNA sequence encoding transit 
peptide (fig. 7) 

Plasmid pLK57 is from BOTTERMAN, (ref.1 1 ). Plasmid pATS3 is a pUC19 clone which contains a 2Kb EcoRI 
genomic DNA fragment from Arabidopsis thaliana comprising the promoter region and the transit peptide 
nucleotide sequence of the gene, the expression thereof is the small subunit of ribulose biphosphate 
carboxylase (ssu). The A. thaliana small subunit was isolated as a 1 500 bp Eco RI- Sph l fragment. The Sphl 
cleavage site exactly occurs at the site where the coding region of the mature ssu protein starts. 
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™i a .S dS PLK5? 3 T ,°^ ned With and S P hl - After recircularization by means of the T4 

nrotX V reC °,T b 'T P ,as Z dpL ^ AB ' "ntaining the seance encoding the transit peptide (Tp, and ils 

promoter region (Pssu) was obtained. i^K^cpp/ ana us 

In order to correctly fuse the "sfr" gene at the cleavage site of the signal peptide the N-terminal aene 
sequence was f.rst modified. S.nce it was observed that N-terminal gene fusions with the "sfr" qei retoinSlir 
enzymatic activity, the second codon (AGC) was modified to a fiAr «i 0 iHin„ Zl . -7 7 eir 
ATG initiator site. A new p.asmid, PCSS^^o^ 

mutation. The Ncol-BamHI fragment obtained from dGSFR2 wa , t„Z>r i It *L P 1 , ,J 9 / ' y that 

Introduction of the "sfr" gene into a different plant species 

The Bialaphos-resistance induced in plants by the expression of chimeric genes when the latter have been 
ransformed with appropriate vectors containing said chimeric genes, has been demons?^ 
recombinant plasmids containing the "sfr" aene were intrnH..~>H u a u , OWSl The 

Aarobacterium strain r^ftr nif R 7«n\/oocm ^ introduced separately by mobilization into 

fSS AcM Res D 4? 1S 5 P ?^ n" 0 ! 0 ? 1 " 9 t0 prOCedure ascribed by DEBLAERE and al.. 
fNuci. agio. Hes., 13, p. 1 477, 1985. Recombinant strains containing hybrid Ti plasmides were formed Th^P 
strains were used to infect and transform leaf discs of different plant species aSo^S 

h k orsh r ai - 1985 ' science - V °'- 227 - 

different plant species given by way of example, is described thereafter. 

1. Leaf disc transformation of Nicotiana tabacum 

Used Media are described thereafter : 

Ai MS salt/2 + 1o/o sucrose 
0.8% agar 

pH 5.7 2 

Ai 0 B5-medium + 250 mg/l NH4NO3 
750 mg/l CaCI 2 2H 2 0 
0.5 g/l 2-(N-Morpholino)ethane- 
sulfonic acid (MES) pH 5.7 

30 g/l sucrose 3L 

An B5-medium + 250 mg/l NH4NO3 
0.5 g/l MES pH 5.7 
2 0/0 glucose 
0.8 0/0 agar 

40 mg/l adenine 35 

4- 1 mg/l 6-Benzyfaminopurine 

(BAP) 

0.1 mg/l lndole-3-acetic acid 
(IAA) 

500 mg/l Claforan 

A12 B5-medium + 250 mg/l NH4NO3 
0.5 g/l MES pH 5.7 
2 0/0 glucose 
0.8 0/0 agar 

40 mg/l adenine 45 
+ 1 mg/l BAP 
200 mg/l claforan 

A13 MS-salt/2 + 30/0 sucrose 
0.5 MES g/l pH 5.7 

0.7 0/0 agar 50 
200 mg/l claforan 

Bacterial medium = min A : (Miller 1972) 60 mM 
K2HPO4, 3H 2 0, 

33 mM KH2PO4 ; 75 mM (NH 4 )2S04 
1.7 M trinatriumcitrat; 1 mM MgSCU ; 
2 g/t glucose ; 50 mg/l vitamine B1 

- Plant material : 
Nicotiana tabacum cv. Petit Havana SR1 

Plants are used 6 to 8 weeks after subculture on medium Ai 

- Infection : 

- midribs and edges are removed from leaves. 

- Remaining parts are cut into segments of about 0.25 cm* and are placed in the infection medium A 10 (about 
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| 12 segments in a 9 cm Petri dish containing 10 ml Am) 

- Segments are then infected with 25 ul per Petri dish nf a iL .«„ „ 

min A medium. P Pe,n d ' Sh ° f a ,ate io 9 cultur * of the Agrobacterium strain grown ir 

; 5 -' Mel 2 To •f r f f a i nCUb f ° r 2 t0 3 dayS 31 ,ow "9 ht ^tensity. 

I " med ' Um ' S ^ ^ 20 "* ^ -dium Al0 containing 500 mg/l CIarofan 

I " Selection and shoot induction 

| 100 m^, , Ta?a i m y cin ar :n P d ,aCed °" A " COntainina a agent : 

; '0 10 to 100 mg/l phosphinotricin. 

j " i?f f <j J S < CS / , are transferr ed to fresh medium weekly 

! 75 - Rooting 

j madt,m r A 2 1 3 , °(^ k UKS,"" ^ With Sh °° ,S ' ^ be iso.ated and transferred ,o rooting 

! " Rooting takes 1 to 2 weeks 

j 2Q ~ After a few more weeks, these plants are propagated on medium A, 

2 ' n Ufc T ^ infection of §olanumju^ (potato) 

Used media are described thereafter : 

Ci B5-medium + 250 mg/l NH4NO3 
300 mg/l (CaCH 2 P0 4 ) 2 
25 0.5 g/l MES pH 5.7 

0.5 g/l polyvinylpyrrolidone (PVP) 
40 g/l mannitol ( = 0.22M) 
0.8% agar 
40 mg/l adenine 
30 C 2 B5-medium + 250 mg/l NH4NO3 
400 mg/l glutamine 
0.5 g/l MES pH 5.7 
0.5 g/l PVP 
40 g/l mannitol 
55 40 mg/l adenine 
0.8 0/0 agar 

+ 0.5 mg/l transzeatine 
0.1 mg/l IAA 
500 mg/l clarofan 

C 5 MS salt/2 + 3 o/ 0 sucrose 
O.7.0/0 agar 
pH 5.7 

C 7 B5-medium + 250 mg/l NH4NO3 
400 mg/l glutamine 
45 0.5 g/l MES pH 5.7 
0.5 g/l PVP 
20 g/l mannitol 
20 g/l glucose 
40 mg/l adenine 
50 0.6 0/0 agarose 

+ 0.5 mg/l transzeatine 
0.1 mg/l IAA 
500 mg/l clarofan 

C e B5-medium + 250 mg/l NH4NO3 
55 400 mg/l glutamine 
0.5 g/l MES pH 5.7 
0.5 g/l PVP 
20 g/l mannitol 
20 g/l glucose 
& 40 mg/l adenine 
0.6 0/0 agarose 
+ 200 mg/l clarofan 
1 mg/l transzeatine 

*: . J? 9 B5_medium + 250 mg/l NH4NO3 
* 400 mg/l glutamine 
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0.5 g/l MES pH 5.7 

0.5 g/l PVP 

20 g/J mannitol 

20 g/l glucose 

40 mg/l adenine 

0.6 o/o agarose 

+ 1 mg/i transzeatine 

0.01 mg/l Gibberellic acid A 3 

(GA 3 ) 

100 mg/l clarofan 

Cn MS salt/2 + 6o/o sucrose 
0.7 o/o agar 



1.7 tnnatriumcitrat; 1 mM MgS0 4 • 
2 g/l glucose; 50 mg/l vitamine B1. 

- PLant material 

Tubers of Solanum tuberosum c.v. Berolina 
c.v. Desiree 

- Infection 

- Potatoes are peeled and washed with water 

-• ^^"zstzsxzsr' ■"-* *> «. 

- The outer layer is removed (1 to 1 5 cm) 

- The central part is cut into discs of about 1 cm* and 2tni , 

- D,scs are placed on medium C, (4 pieces in a 9 rm Potl h k, ^ 

- Selection and shoot induction 

- ^^I'cS^SLS SSti*^ <*■ '» W kanamycin. 
kanamycin. ° m m9 a,ses a "1 transferred to medium c, remaining 50 mg/l 

Kanamycin " "" to elongation medium C, containing 50 mg/l 

- Rooting 



3. 



Leaf disc infection of Lycopersicum esculentum (tomato) 
Used media are described thereafter ^maio; 



Ai MS salt/2 + 1 o/ 0 sucrose 
0.8 o/o agar 
pH 5.7 

Bi B5-medium + 250 mg/l NH 4 NOt 

0.5 g/l MES pH 5.7 

0.5 g/l PVP 

300 mg/l Ca (H 2 P0 4 )2 

2 o/o glucose 

40 mg/l adenine 

40 g/l mannitol 

B 2 B5-medium + 250 mg/l NH4NO1 
0.5 g/l MES pH 5.7 
0.5 g/l PVP 
400 mg/l glutamine 
2 0/0 glucose 
0.6 0/0 agarose 
40 mg/l adenine 
40 g/l mannitol 
+ 0.5 mg/l transzeatine 
0.01 mg/l IAA 
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500 mg/l claforan 

B 3 B5-medium 4- 250 mg/l NH4NO3 

0.5 g/l MES pH 5.7 

0.5 g/l PVP 
5 400 mg/l glutamine 

2 0/0 glucose 

0.6 0/0 agarose 

40 mg/l adenine 

30 g/l mannitol 
10 4- 0.5 mg/l transzeatine 

0.01 mg/l IAA 

50C mg/l clarofan 

B 4 B5-medium + 250 mg/l NH4NO3 

0.5 g/l MES pH 5.7 ' ' 

15 0.5 g/l PVP 

400 mg/l glutamine 

2 % glucose 

0.6 % agarose 

40 mg/l adenine 
20 20 g/l mannitol 

4- 0.5 mg/l transzeatine 

0.01 mg/l IAA 

500 mg/l clarofan 

B 5 B5-medium + 250 mg/l NH4NO3 
25 0.5 g/l MES pH 5.7 

0.5 g/l PVP 

400 mg/l glutamine 

2 0/0 glucose 

0.6 % agarose 
30 40 mg/l adenine 

10 g/l mannitol 

4- 0.5 mg/l transzeatine 

0.01 mg/l IAA 

500 mg/l clarofan 
35 B 6 B5-medium 4- 250 mg/l NH4NO3 

0.5 g/l MES pH 5.7 

0.5 g/l PVP 

400 mg/l glutamine 

2 % glucose 
40 0.6 °/o agarose 

40 mg/l adenine 

4- 0.5 mg/l transzeatine 

0.01 mg/l IAA 

200 mg/l clarofan 
45 B? B5-medium 4- 250 mg/l NH4NO3 

0.5 g/l MES pH 5.7 

0.5 g/l PVP 

400 mg/l glutamine 

2 0/0 glucose 
50 0.6 % agarose 

40 mg/l adenine 

4- 1 mg/l transzeatine 

200 mg/l clarofan 

Be MS salt/2 + 2 0/0 sucrose 
55 0.5 g/l MES pH 5.7 / 

0.7 0/0 agar 

B 9 B5-medium 4- 250 mg/l NH4NO3 

0.5 g/l MES pH 5.7 

0.5 g/l PVP 
60. . 2 0/0 glucose . 

0.6 % agarose 

40 mg/l adenine 

4- 1 mg/l transzeatine 

0.01 mg/l GA 3 
55 Bacterial medium = min A : (Miller 1972) 60 mM 



16 



0 242 246 

K 2 HP0 4 .3H 2 0 ; 

33 mM KH2PO4; 7.5 mM (NH 4 )2S0 4 ; 
1.7 M trinatriumcitrat; 1 mM MgS0 4 ; 
2 g/l glucose; 50 mg/l vitamine B1 

- Plant material 

Lycopersicum esculentum cv. Lucullus. 
Plants are used 6 weeks after subculture on medium A1. 

- Infection 

- Midrib is removed from the leaves. 

- Leaves are cut in segments of about 0.25 to 1 cm* (the edges of the leaves are not wounded so that only 
maximum 3 sides of the leaf pieces is wounded). V 

- Segments are placed in infection medium Eh (upside down), about 10 segments in a 9 cm Petri dish 
mfnTmedium ^ infeCted Wiht 20 ^ per Petri dish of a ,ate to 9 culture of the Agrobacterium strain grown in 

- Petri dishes incubate for 2 days at low light intensity. 

- Medium is removed after 2 days and replaced by 20 ml of medium B1 containing 500 mg/l clarofan. 

- Selection and shoot induction 

- The leaf discs are placed in medium B 2 + 50 or 100 mg/l kanamycin 

- Each 5 days the osmotic pressure of the medium is lowered by decreasing the mannitol concentration 
transfers are done consecutively in medium B 3 , B 4t B 5 , and B 6 

^n ner m ° nth Cal " With meristems are separated from the leaf discs and placed on medium B 7 with 50 or 
100 mg/l kanamycin. 

- Once little shoots have formed, catii are transferred to elongation medium B 9 with 50 or 100 mg/l kanamycin. 

- Rooting 

- Elongated shoots are separated and transferred to medium B 8 for rooting 

- Plants are propagated on medium A1. 

Greenhouse tests for herbicide resistance 
Material and method 

In this experiment, two herbicides comprising phosphinotricin as active ingredient are used 

u Joof A V C r?o mP ° UndS are th ° Se commercia,| y available under the registered trademarks BASTAR and MEIJI 
ntHBIACER. 

These products are diluted to 2 <Vo with tap water. Spraying is carried out on a square metre area from the 
four corners. Temperature of the greenhouse is about 22° C for tobaccos and tomato, and above 10° C to 15° C 

for potato. 

Results 

- Tobacco spraytest 

a) Nicotianatabacum cv. Petit Havana SR 1 plants transformed with the chimeric "sf r" genes as present 
in pGSFR1 161 or pGSFR1281, as well as unstransformed control plants (from 10 cm to 50 cm high) are 
treated with 20 I BASTAR/ha. Control SR1 plants die after 6 days, while transformed plants are fully 
resistant to 20 I BASTAR/ha and continue growing undistinguishable from untreated plants No visible 
damage is detected, also the treatment is repeated every two weeks. The treatment has no effect in 
subsequent flowering. The recommended dose oF BASTAR herbicide in agriculture is 2 5-7 5 l/ha 

b) A similar experiment is performed using 8 l/ha MEIJI HERBIACER. The transformed plants (the same 
as above) are fully resistant and continue growing undistinguishable from untreated plants No visible 
damage is detectable. 

- Potato spraytest 

Untransformed and transformed potato plants ( Solanum tuberosum cv. Berolina) (20 cm hiqh) with the 
ch.mer.c sfr" gene as present in pGSFR1161 or pGSFR1281 are treated with 20 I BASTAR/ha. Control plants 

fr«J? ♦ . 3y i W , f ,ransformed P |an <s do not show any visible damage. They grow undistinguishable 

irom untreated plants. 

- tomato spraytest 

Untransformed and transformed tomato plants ( lycopersium esculentum cv. luculus) (25 cm high) with the 
chimeric sfr gene as present in pGSFR1 161 and pGSFR1281 are treated with 20 I BASTAR/ha. control plants 
die after six days while transformed plants are fully resistant. They do not show any visible damage and grow 
undistinguishable from untreated plants. y y $ 
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- Growth control of phytopathogenic fungi with transformed plants 

pc££?£r."^ Present in pGSFR1161 or 

spraying 1 m, of "a suspension of 1 o'^S^Sans Spores pe? U ?£Z P ' amS ^ innoculated by 
(20°c 95 o/o humidity, 4 000 lux, until f unga. disease symptom s are Sne welkfo" setoX TT™ 

disease symptoms evolve. The p,ants ^^SSSSSrC* 

- Transmission of the PPT resistance through seeds 

nFt^ 

iss^o^f h :^ « t generation. ,e direct, 

BASTAR/ha. 7 days later, healthy and damaged Plants can I b dL^i'she H K W ' th 8 ' 

thi lVS a nt at F r PT r ^ iSt3nCe iS inh6rited 35 3 ^inam e mtS U enc h o e d d d b a l ,0 srng a e P rc X u's ma,ely 3 * 1 

10 res.stant F1 seedlings are grown to maturity and seeds are harvested if? «iS 
described above and tested for PPT-resistance bv sorav/inn raqtIr ^ ;„ seedlings are grown as 
produce F2 seedlings which are al. P^S^SSS^SS^ homozv.fT V" " ^ 
gene.The invention also concerns plant cells and olants non „ff„^!n J ■ ? ™ ZygOUS for the resistance 
inhibitor-inactivating-gene according to thelnventfdn n0n - eSSen,,al| y- b,olo 9' cal| y-transformed with a GS 

"sfT" V-H-r^^rrib^ 8 inVenti ° a P ' ant Ce " S and P ' an,S ^ --^.ogicaHy-transformed with the 

wh^de! s s:=:s;2r c — 

-=2 a^sio^s to the invention are — — « 
-^■^^r tt s rm e P d o as n a d sir ti: e a s nsformed piams can ais ° ° e ~ ^ 

.m?r4^L e ^ i ^ , C aPh ° 8 ° r re ' ated C ° mPOUndS ^ aPP ' ied S6Veral tim6S ' particU,ar 'V at «m. 

ano^ect^^ r^?? 9 3 P ' ant SpedeS ^ funga, diseases 

the plant species coSn in thefr genome a SK fraompnt P * * treat,n 9 3 fie,d with an herbicide, wherein 
capable of Neutralizing or .n2^^ an e nzyma , c actjvjty 

ingredient a GS inhibitor n tne used her bicide comprises as active 

diti^ 

about 2 to about 8 l/ha 6 ' tS a PP |lcat,or > *> the field at a rate ranging from . 

Plan^pe'cier eXamP ' eS ' * " i,,US,rati ° n - ° f s °™ embodiments of the process with different 
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- Sugarbeets 

- early germination of the grassy weeds, 

- early germinating broadleaved weeds, 

- late germinating broadleaved weeds. 

Up to now, pre-emergence herbicides have been succeqqfntiv i,c 0 h c,.^ ~ 
those commercially available under the registered XraTemlrkI WRAMIN»^t^ ^ ^ 6Xamp,e 
However, the susceptibi.ity to dry weather conditio™ ■ of ^el^ucTi »Sfi tSe , ack of r" d H VE , NZARR - 
to control late germinatinq weeds have Ion th« fa , mor . as we " as the lack of residual activty 

pre-emergence ones. * f3rmer f ° USS P ost -emergence products in addition to 

fol^g'LampTes" indiCa,eS ^ C ° M * the "erb.c,d., compositions cited in the 

TABLE (I) 



10 



15 



Commercial Name 



J i 



: I 

} i 

\ i 



AVADEX 



R 



AVADEX BW 
GOLTIX R 
RONEET R 
TRAMAT R 

FERVINAL 
BASTA R 



R 



PYRAMIN FL' 



Active Ingredient 

Diallate 
Triallate 
Metamitron 
Cycloate 
Etho fume rate 
Alloxydime- sodium 
Phosphinotricin 
Chloridazon 



Formulation 

EC 400 g/i 
EC 400 g/1 
WP 70 % 
EC 718 g/1 
EC 200 g/1 
SP 75 % 
200 g/1 
SC 430 g/1 



offtrTgto^l T^otTo^ ° f Bia ' aph ° S " ^ compound,, which 

broadleaves (Gajium, ^fl^^S^^^S^- ***** ^ ^ESSuru.. POA, and 

■e^tT^^ 

Jfi 1 " 1 hereafter represents possible systems of field-treatment, given by way of examnl. 
In those examples, the post-emergence herbicide of the class of Bialaphos used 2 bastIr ^ „■ .• 
w,th different pre-emergence herbicides. Concentrations are indicated ^ 
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- Potatoes 



Potatoes are grown in Europe on about 8 me u a T ^ 
potatoes""' '~ — * »»v o, e ™ p ,e o, „e„., reatm . nt „ „ 



case of 



TABLE (III) 

Weeds control systems 
BASTA , providing pot 

BASTA* 4Clluciea resistant to 



10 



BA , TA R ±n POtatoes - b ^sed on the use of ,5 

BASTA , providing potato^ 

r y ^-acoes are rendered resi: 



Linuron + monolinuron (375 g + 37s ■ ■ 

ce 5 375 9/ha) P^°r to emergen- 

BASTA* -5 ^ 5 

BASTA R /f=i * w lt/ha aftSr emer9ence (5-15 cm) 

BASTA /fluazifop-butyl 3-4 lt/ha + 2 lt/ha aft.. 

xwna after emergence 

(5-15 cm) 



Linuron . p 

WP 50 \ (AFALOw ) 

WP 47.5 * (ARESSIN , 
f luazifop-butyl Fr -,c A , o 

EL 250 g/l ( FUSILADE ) 



Monolinuron WD c „ , R 

WP 47.5 % ( ARESSIN ) 55 



Further embodiments of the invention ar P ri 0crr i h J L VT SM 3 607 respectively. 

- fig. 8 shows the restriction map of S X^Ts^onZ ^ ^ ^ ,0 ,he fi 9 ures " wh -h : 

- fig. 9 shows the nucleotide sequence of™ ?£ffsv° °" l "'™9 f^er Bialaphos-resistance-gene ; 

- fig. 10 shows the amino acid homo.og of sfrsv" gene ZT^alV^ ^ ; 

Another Bialaphos-resistance-gene has h PP n U^i^m * 
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VSPBR R PVE IRPATAADM 



5 AA VCDIVNHYIETSTVNF 



r 0 RTEPQTPQ,EWID DLER . LQ 

i 

DRYPWLVA EVEGVVAGIA 

YAGPWKARN AYDWTVE S T 

VYv SHRHaRLG LGSTLYT 

HLLKSMEA aGFKSVVAVI 

^LHEALGYTA 

KHGGWHDVG 
4 V FW . ^ RD FEL PAPPR PVRpv 
45 T Q I * 



25 



30 

Clpndpsv 



35 

KGTLRAAGY 



which part of said polypeptide is of sufficient length to confer protection against Bialaphos- n plant-protecting- 

capabihty -. to plant cells, when incorporated genetically and expressed therein. Reference will also be made 
50 here-after to the "plant-protecting-capability" against Bialaphos of the abovesaid nucleotide sequence 
Meaning of the designation of amino acids by a single letter is given thereafter 

Alanine A 

Arginine R 

Asparagine N 
55 Aspartic Acid D 

Cysteine C 

Cystine C 

Glycine G 

Glutamic Acid E 
60 Glutamine Q 

Histidine H 

Isoleucine I 

Leucine L 

Lysine K 
65 Methionine M 
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Phenylalanine F 
Proline P 
Serine S 
Threonine T 
Tryptophan W 
Tyrosine Y 
Valine V 

This second preferred DNA fragment consists of the fol.owing nuCeotide sequence : 

TAAAGAGGTGCCCGCCACCCOCTTTCGCAGAACACCGAAGGAGACCACAC 

GTGAGCCCAGAACGACGCCCGGTCGAGATCCGTCCCGCCACCGCCGCCGA 

CATGGCGGCGGTCTGCGACATCGTCAATCACTACATCGAGACGAGCACGG 

TCAACTTCCGTACGGAGCCGCAGACTCCGCAGGAGTGGATCGACGACCTG 

GAGCGCCTCCAGGACCGCTACCCCTGGCTCGTCGCCGAGGTGGAGGGCGT 

CGTCGCCGGCATCGCCTACGCCGGCCCCTGGAAGGCCCGCAACGCCTACG 

ACTGGACCGTCGAGTCGACGGTGTACGTCTCCCACCGGCACCAGCGCCTC 

GGACTGGGCTCCACCCTCTACACCCACCTGCTGAAGTCCATGGAGGCCCA 

GGGCTTCAAGAGCGTGGTCGCCGTCATCGGACTGCCCAACGACCCGAGCG 

TGCGCCTGCACGAGGCGCTCGGATACACCGCGCGCGGGACGCTGCGGGCA 

GCCGGCTACAAGCACGGGGGCTGGCACGACGTGGGGTTCTGGCAGCGCGA 

CTTCGAGCTGCCGGCCCCGCCCCGCCCCGTCCGGCCCGTCACACAGATCT 

i 

GAGCGGAGAGCGCATGGC 

°\t%Tl^Zle!nrZ dLcS^'et. 3 ^ 9 capabi.ity against Bia.aphos • 

gene, the conBtn^ T^S^^^^^^ T ^ iS °' ation °' «* resistance 
subsequent transformation of^iant «-» the 

prepared ac cording to standard techniques D NA s2n.fi * T 9rOWn ^ t0ta ' ° NA 0f this strain wa * 
Sau3AI in three different reactions and separated on »n P * res P ective 'V with Pstl, Smal and 

(fig. 5B) digested with BamHI I a SouE an ^ ^ 961 ,09etherwi,h pla$mid ^Afrolr^GSRi 
hybridized with the I^W B^Si^SS^sm c^?? Tk "T* °° * nitracel1 ^* ™* and 
a restriction fragment was shSwinq str^ t^£ L f? ta,nn J? the Sfr gene - ln a " four lane s of the gel 
fragment of about 1 .2 Kb and SauSA. fragment XfLT n h * ^ fragment ° f about 3 kb - a Sma 

were directly Coned in the EiZherichia^rJec.or dUC 8 3<£o llZ £ ^ ~ 

oom vector pUC8. 3000 colonies obtained after transformation were 
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transferred to nitrocellulose filters, and hybridized with the "sfr" probe. Positive candidates were further tested 
for their growth on minimal medium plates containing 300 u.g/ml PPT. One transformant that grew on 
PPT-containing-medium was further analysed. The plasmid map and relevant restriction sites of this plasmid 
pJS1 are represented in fig. 8. The strain MC1061 (pJS1) has been deposited on March 06 1987 at the 
5 DEUTSCHE SAMMLUNG VON MIKROORGANISMEN (DSM) under deposition number DSM 4023. The clone 
restriction fragment has been sequenced according to the Maxam and Gilbert method and the coding region 
of the gene could be identified through homology. The sequence of the "sfrsv" gene is represented in fig.9 and 
the homology on the nucleotide and amino acid sequence level with "sfr" gene is shown in fig. 10. 

W Expression of the "sfrsv" gene 

A "sfrsv gene cassette" was also constructed to allow subsequent cloning in plant expression vectors. A 
Bantl-BgHI fragment containing the "sfrsv" coding region without the initiation codon GTG was isolated from 
pJS1 . This fragment was ligated in the vector pLK56-2 digested with Nco l and Bglll, together with a synthetic 
oligonucleotide 5'-CATGAGCC-3', similar with the one described for "sfr" gene and shown in fig. 5. The 

15 construction of pGSRISV is schematically shown in fig. 11. Since similar cassettes of both genes are present 
in respectively pGSR1 and pGSRISV, previous described constructions for the expression of the "sfr gene in 
plants can be repeated. 

Enzymatic analysis of crude extracts from E. coli strains carrying plasmid pGSRISV demonstrated the 
synthesis of an acetylase which could acetylate PPT. This was shown by thin layer chromotography of the 
20 reaction porducts. 

The "sfrsv" gene was then inserted into the plasmid vector pGSJ260 (fig. 4B) under the control of the CaMV 
35s promoter, to yield a plasmid pGS2SV, similar to pGSR2 (fig. 6A) except that the "sfrsv" gene is substituted 
for the "sfr" gene. 

It is clear that herbicide resistance genes of the above type may be obtained from many other 
25 microorganisms that produce PPT or PPT derivatives. Herbicide resistance gene can then be incorporated in 
plant cells with a view of protecting them against the action of such Glutamine Synthetase inhibitors. For 
instance, a Bialaphos-resistance-gene is obtained from Kitasotosporia (ref. 15). 

Transformed plant cells and plants which contain the "sfrsv" resistance gene can be obtained with plasmid 
pGSR2SV, using the same Agrobacterium-mediated-transformation system as hereabove described for the 
30 transformation of different plant species with the "sfr" gene. 

Plants are regenerated and tested for their resistance with similar spraying tests as described hereabove. 
All plants behaved similarly and show resistance against herbicides consisting of glutamine synthetase 
inhibitors. 

Finally, the inventors also pertains to the combination of the plants resistant to an inhibitor of glutamine 
35 synthetase as defined above with the corresponding inhibitor of glutamine synthetase for use in the 
production of cultures of said plants free form weeds. 
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Claims 

60 

1. Process for controlling the action in plant cells and plants of a glutamine synthetase inhibitor when 
contacted herewith, which comprises providing said plants with a heterologous DNA including a foreign 
nucleotide sequence, capable of being expressed in the form of a protein in said plant cells and plants, 
under conditions such as to cause said heterologous DNA to be integrated stably through generations in 
65 the cells of said plants, and wherein said protein has an enzymatic activity capable of causing inactivation 
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or neutralization of said glutamine synthetase inhibitor 

-. -CX SER t»RO GLLT 

183 

ARG^ARG PRO ALA ASP ,LB ARG ARG ALA THR GLU ALA ASP MET PRO 

«TvAL CVS THR ,LE VAL ASN HIS TYR ILE GLU THR SER THR VAL » 

273 " " " ' " 

*SN PHE ARG THR GLU PRO GLN GLU PRO GLN GLU TRP THR ASP ASP 

LEU VAL ARG LEU ARG GLU ARG TYR PRO TRP LEU VAL ALA GLU VAL 

3o 3 

ASP GLY GLU VAL ALA GLY ILE ALA TYR ALA GLY PR 0 TaP UYS ALA . 

4 09 

ARG ASN ALA TYR ASP TRP THR ALA GLU SER THR VAL TYR VAL SER 

AZ3 30 

PRO ARG HIS GLN ARB THR GLY LEU GLY SER THR LEU TYR THR HIS 

498 

LEU LEU LYS SER LEU GLU ALA GLN GLY PHE LYS SER VAL VAL ALA * 

VAL^ILE GLY LEU PRO ASN ASP PRO SER VAL ARG MET HIS GLU ALA 

553 • 40 

LEU^GLY TYR ALA PRO ARG GLY MET LEU ARG ALA ALA GLY PHE LYS 

HIGHLY ASN TRP HIS ASP VAL GLY PHE TRP GLN LEU ASP PHE SER « 

UTU PRO VAL PRO PRO' ARG PRO VAL LEU PRO -VAL THR GLU ILS ■ 

723 so 

in which X represents MET or VAL or a nart o ™i 

enzymatic activity and, when said DNA fraoment S \L 2f5 '.^ sufficie nt 'ength to possess said 

the herbicida.^ s^fh^ ,n P,ant Ce " S * to P rotect the latter against 55 

folfo£^ ° f C ' aimS 1 t0 4 ' wherein the heterologous DNA fagment comprises the 
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, M QTG AGC CCA GAA 

CGA CGC CCG GCC GAC ATC CGC CGT GCC ACC GAG GCG GAC ATG CCG 

223 ■ . . . w 

GCG GTC T5C ACC ATC GTC AAC CAC TAC ATC GAG ACA AGC ACS GTC 
273 

AAC TTC CGT ACC GAG CCG CAG GAA CCG CAG GAG TGG ACS GAC GAC 
313 . • 

CTC GTC CGT CTG CGG GAG CGC TAT CCC TGG CTC GTC GCC GAG GTG 
363 
i 

GAC GGC GAG GTC GCC GGC ATC GCC TAC GCG GGC CCC TGG A AG GCA 
4C3 

CGC AAC GCC TAC GAC TGG ACG GCC GAG TCG ACC GTG TAC GT^ T r ~ 

CCC CGC CAC CAG CGG ACG GGA CTG GGC TCC ACG CTC TAC A~~ 
499 - 

CTG^CTG AAG TCC CTG GAG GCA CAG GGC TTC AAG AGC GTG GTC GZT 
3 

GTC^ATC GGG CTG CCC AAC GAC CCG AGC GTG CGC ATG CAC GAG GCG 
583 

CTC GGA TAT GCC CCC CGC GGC ATG CTG CGG GCG GCC GGC TTC AAG 

CACJ3G3 AAC TGG CAT GAC GTG GGT TTC TGG CAG CTG GAC TTC AGC 
67 3 

CTG CCG GTA CCG CCC CGT CCG GTC CTG CCC GTC ACC GAG ATC 
723 



or a part thereof expressing a polypeptide capable of inactivating said glutamine synthetase inhibitor 

6. Process according to any of claims 1 to 5, wherein the initiation codon ATG is substituted for the 
initiation codon GTG of the sequence defined in claim 5. 

7. Process according to any of claims 1 to 3. wherein the heterologous DNA fragment comprises a 
foreign nucleotide sequence coding for the following amino acid sequence : 
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VS P ER RPVEIR PATAADM 



AA VCDIV NHYIETSTVNP 
R T E P q T P Q. E w z D D t E R L g 

DRVPWLVAEVEGVVAGIA 
VAGPWKARN AYDWTVE ST 
VVv SHRHaRLG L G S T L Y T 

HL LKSMEA Q.GFKSVVAVI 

C lpndpsvr lhealgyt a 

RGTLRAAGY K HGGWHDVG 
FW dRDFELPAP PR p VRpv 
T Q I * 



nuS.SS , . 3 i,!SS , ! n0 10 C,3im ? ' Wh6rein heterolo 9°- DNA fragment comprises the following 
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CATGGCGGCGGTCTGCGACATCGTCAATCACTACATCGAGACGAGCACGG 
TCAACTTCCGTACGGAGCCGCAGACTCCGCAGGAGTGGATCGACGACCTG 
- GAGCGCCTCCAGGACGGCTACCCCTGGGTGGTCGCCGAGGTGGAGGGCGl' 
CGTCGCCGGCATCGCCTACGCCGGCCCCTGGAAGGCCCGCAACGCCTACG 
ACTGGACCGTCGAGTCGACGGTGtACGTCTCCCACCGGCACCAGCGGCTC 
GGACTGGGCTCCACCCTCTACACCCACCTGCTGAAGTCCATGGAGGCCCA 



GGGCTTCAAGAGCGTGGTCGCCGTCATCGGACTGCCCAACGACCCGAGCG 



TGCGCCTGCACGAGGCGCTCGGATACACCGCGCGCGGGACGCTGCGGGCA 



GCCGGCTACAAGCACGGGGGCTGGCACGACGTGGGGTTCTGGCAGCGCGA 



CTTCGAGCTGCCGGCCCCGCCCCGCCCCGTCCGGCCCGTCACACAGATC 



GAGCGGAGAGCGCATGGC 



or a part thereof expressing a polypeptide capable of inactivating said glutamine synthetase inhibitor. 

9. In a process for producing plants and reproduction material of said plants including a heterologous 
genetic material stably integrated therein and capable of being expressed in said plants or reproduction 
material in the form of a protein capable of inactivating or neutralizing the activity of a glutamine 
synthetase inhibitor, comprising the non biological steps of producing plants cells or plant tissue 
including said heterologous genetic material from starting plant cells or plant tissue not able to express 
that inhibiting or neutralizing activity, regenerating plants or reproduction material of said plants or both 
from said plant cells or plant tissue including said genetic material and, optionally, biologically replicating 
said last mentioned plants or reproduction material or both, wherein said steps of producing said plant 
cells or plant tissue including said heterologous genetic material comprises transforming said starting 
plant cells or plant tissue with a DNA recombinant containing a nucleotide sequence encoding said 
protein as well as the regulatory elements selected among those which are capable of enabling the 
expression of said nucleotide sequence in said plant cells or plant tissue and to cause the stable 
integration of said nucleotide sequence in said plant cells and tissue, as well as in the plant and 
reproduction material processed therefrom throughout generations. 

10. The process according to claim 9. wherein starting cells are transformed with a recombinant DNA 
which contains the fragment of any one of the claims 1 to 8 recombined with heterologous DNA, and 
wherein said recombinant DNA is devoid of any DNA region involved in the biosynthesis of Bialapnos. 
when said fragment originates itself from a Bialaphos-producing strain. 

11. The process according to claim 10, wherein the recombinant DNA is a vector suitable for the 
transformation of a cellular host and, when introduced therein, for allowing for the neutralization or 
inhibition of glutamine synthetase inhibitors. 
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20 



25 



17. The process of any of claims 1 1 to 16, wherein said vector is a Ti plasmid 

18. Plant cells, non biologically transformed, wherein thevDossess ttahiw int Q „,,,^ • • 
DNA fragment encoding a protein having a non-variety -sSdn^n^mlS^ T in their genome, a 
or inactivating glutamine synthetase inhioito™ * P enzymatic act,v.ty capable of neutralizing 

19. Plant cells according to claim 18, wherein they are capable of qeneratina a nlant M n=>hi Q ^ • 
seeds, said seeds having a non-variety-specific enzymatic activiv canahlP of K Ca t pable of Producing 
glutamine synthetase inhibitors enzymat.c activity capable of inactivating or neutralizing 

JLstZT aCCOrdin9 10 C ' aim 18 ° r 19 ' Wh6rein «** are t-nsformed by the process of any of 

aclty7t a ransfera;e CCOrdin9 * "* °' ^ ™ * ^ ^ pr ° duCe detectable ""ount. of phosphinotricin 

22. Seeds, non biologically transformed, which possess stablv intearatori in thoir ^ 
fragment encoding a protein having a non-variety-specific enzymatic ac^Zv cL»Z % ^ * ° NA 
neutralizing glutamine synthetase inhibitors. enzymatic activity capable of inactivating or 

23. Seeds according to claim 22, which are capable of germinating into a plant capable of nrnn,,™ 
^e^^r^^ 6nZymatiC 0f — n P g J^SS^SSSS 
1 24. Seeds according to claim 22 or 23, which are transformed by the process of any one of the claims 9 to 

25. Plants, non biologically transformed, which possess stablv intearated in their ^. 30 
fragment encoding a protein having a non-variety-specific enzymatic ac ScLlTIZ T\* ° NA 
inactivating glutamine synthetase inhibitors. enzymatic activity capable of neutralizing or 

26. Plants according to claim 25, which are capable of producina sepri-? hawing = „„„ 
enzymatic activity capable of inactivating or neutralizing aSi^^^^T^ 

27. Plants according to claim 25 or 26, which are transformed by the process of any ° claims 9 to 1 7 

28. Process for protecting a plant species and selectively destroying weeds in a f eld rnrnr!° ^ 
steps of treating a field with an herbicide, wherein the plant E , cont^n ^ com P rlsln 9 the 
fragment encoding a protein having an enzymatic activity enable of neu^Za or , na ^ 9 ?°™, 3 ° NA 
synthetase inhibitors, and wherein the usJherbicide is I ^S^^^J^"^ 

one ofTafm: uT"* '° ^ **' ^ *' P ^ ^ ^ a ™* ^agmlnt according to any 
^^^S'SJl^f " ^ ^ ^ ^ " —ding to the 

.nterval. of about 20 to 100 days, until early and late geSnXg f d^ oyed Part ' CU ' arly ' f ^ 

^^^Z^JZ^ZZ^' WhGrein 9,Utamine -thetL inhibitors comprise 
sfe 3 p ^ 

fragment encoding a protein having an enzymatic activU capao.e of neu tSSno an SZJSZSZ ? °^ 
synthetase inhibitors and wherein the used herbicide is a'gJamine synmSse?nh?b"oT 9 

ciatms? Tot aCC ° rd,n9 1 ° C ' aim 33 ' Wh6rein ,he P ' ant Sp6CieS COntain a DNA fragment according to any of 
Pace's T a %7nlTlL% a Zf " ^ ^ the P ' ant Speci " ™ -cording to the 

at time intervals of about 20 to 100 days until fungi are destroyed ^ par,,cular| y 

af se ri s ^rr u c^,re 3 ;r rein Bia,aph °*- ppt - — «^~- - - . 

39. Process according lo cUim 38. herein Bialaphos. PPT or related compounds is diluted in , liquid 
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carrier at a concentration such as to enable its application to the field at a rate ranging from about 2 l/ha to 
about 8 l/ha. 

40. Process according to any of claim 38 or 39, wherein selectively protected plant species comprise 
sugar-beet, rice, potato, tomato, maize, tobacco. 

41 . Vector which contains a DNA fragment encoding a polypeptide having an enzymatic activity capable 
of causing inactivation of gtutamine synthetase inhibitors. 

42. Vector according to claim 41 , which is suitable for the transformation of plant cells and plants. 

43. Vector according to claim 41 or 42, which contains a DNA fragment belonging to the genome of a 
Streptomyces . 

44. Vector according to any of claims 41 to 43, which contains the DNA fragment recombined with 
heterologous DNA, wherein said recombinant DNA is devoid of any DNA region involved in the 
biosynthesis of Bialaphos. 

45. The vector of claim 44 suitable for the transformation of a cellular host and, when introduced therein, 
for allowing for expression of a polypeptide capable of inactivating glutamine synthetase inhibitor. 

46. The vector of claim 45, wherein said DNA fragment is under the control of replicon elements suitable 
for the transformation of bacteria, particularly E. coli . 

47. The vector of claim 46, wherein said DNA fragment is under the control of a plant promoter region, 
and of regulation elements allowing for the expression of said DNA fragments in plant cells, when the 
latter are later transformed with said vector. 

48. The vector of claim 47, which confers bialaphos-resistance to the transformed plant cells. 

49. The vector of claim 48, wherein a sequence encoding a transit peptide is intercalated between said 
plant promoter region and said DNA fragment. 

50. The vector of claim 49, wherein the transit peptide is selected from ribulose-1,5 biphosphate 
carboxylase and chlorophyl a/b binding proteins. 

51 The vector of any of claims 45 to 50, wherein said vector is a modified Ti plasmid. 

52. Vector according to any of claims 41 to 51 , which comprises the following nucleotide sequence : 
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133 . QT3 AGC CCA GA/% 

CSA^CGC CCG GCC GAC ATC CGc" CGT GCC ACC GAG GC3 GAC ATG CCG 
GC3_GTC T3C ACC ATC GTC AAC CAC TAC ATC GAG ACA AGC A» BTC 
AAC^TTC COT ACC GAG CCG CAG GAa' CCg' CAG GAG W ACS GAC GAC 

ctyTc cgt era cgg gag cbc.tat ccc'tgg ctc gtc gcc gag gtg 
bac.bc gag gtc gcc ggc atc'' gcc tag' GCG GGC CCC TG3 AAG K a 

CGC s AAC GCC TAC GAC TGG ACG GCC GAG TCG ACC GTG TAC GTC TCC 
CCC^CGC CAC CAG CGG ACG GGA CTG GGC TCC ACQ CTC TAC ACC CAC 
CTG^CTG AAG TCC CTG GAG GCA CAG GGC TTC AAG AGC GTG GTC GCT 
GT^ATC GGG CTG CCC AAC GAC CCG AGC GTG CGC ATG CAC GAG GCO 
CTCGBA TAT GCC CCC CGC GGC ATG CTG CGG GCG GCC GGC TTC AAG 
CAC^GG AAC TGG CAT GAC GTG GGT TTC TGG CAG CTG GAC TTC A=d 
CTG^CCG GTA CCG CCC CGT CCB GTC CTG CCC GTC ACC GAG ATC 
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53. The vector of claim 52, wherein the initiation codon ATG is substitute w tn ■ •♦■ 45 
the sequence defined in claim 52. S suDstltu *ed for the initiation codon GTG of 

54. Vector according to any of claims 41 to 51 , which 



comprises the following nucleotide sequence : 

50 



55 



60 



65 
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TAAAGAGGTGCCCGCCACCCGCTTTCGCAGAACACCGAAGGAGACCACAC 

GTGAGCCCAGAACGACGCCCGGTCGAGATCCGTCCCGCCACCGCCGCCGA 

CATGGCGGCGGTCTGCGACATCGTCAATCACTACATCGAGACGAGCACGG 

TCAACTTCCGTACGGAGCCGCAGACTCCGCAGGAGTGGATCGACGACCTG 

GAGCGCCTCCAGGACCGCTACCCCTGGCTCGTCGCCGAGGTGGAGGGCGT 

CGTCGCCGGCATCGCCTACGCCGGCCCCTGGAAGGCCCGCAACGCCTACG 

ACTGGACCGTCGAGTCGA.CGGTGTACGTCTCCCACCGGCACCAGCGCCTC 

GGACTGGGCTCCACCCTCTACACCCACCTGCTGAAGTCCATGGAGGCCCA 

GGGCTTCAAGAGCGTGGTCGCCGTCATCGGACTGCCCAACGACCCGAGCG 

TGCGCCTGCACGAGGCGCTCGGATACACCGCGCGCGGGACGCTGCGGGCA 

GCCGGCTACAAGCACGGGGGCTGGCACGACGTGGGGTTCTGGCAGCGCOA 

CTTCGAGCTGCCGGCCCCGCCCCGCCCCGTCCGGCCCGTCACACAGATCTJ 
GAGCGGAGAGCGCATGGC 

55. A DNA fragment, for the subsequent transformation of plant cells, coding for a polypeptide having 
phosphinothricin-acetyl-transferase activity, which consists of a nucleotide sequence coding for the 
following amino acid sequence : 
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X SER *>R0 GLU 

1=3 

AR3 ARB PRO ALA ASP ILE ARG ARG ALA THR GLU ALA A3? MET PRO 
223 

ALA VAL C.Y3 THR ILE VAL ASM HIS TYR ILE GLU THR SER THR VAL 
273 

ASN PHE ARG THR GLU PRO GLN GLU PRO GLN GLU TRP THR ASP ASP 

3 La . - 

LEU VAL ARG LEU ARG GLU ARG TYR PRO TRP LEU VAL ALA GLU VAL 

3o3 

ASP ELY GLU VAL ALA GLY ILE ALA TYR ALA GLY PRO TRP LYS ALA 

4 08 

ARG ASN ALA TYR ASP TRP THR ALA GLU SER THR VAL TYR VAL SER 
453 

PRO ARG HIS GLN ARG THR GLY LEU GLY SER THR LEU TYR THR HIS 
498 

LEU LEU LYS SER LEU GLU ALA GLN GLY PHE LYS SER VAL VAL ALA 
543 

VAL ILE GLY LEU PRO ASN ASP PRO SER VAL ARG MET HIS GLU ALA 

LEU GLY TYR ALA PRO ARG GLY MET LEU ARG ALA ALA GLY PHE LYS 

533 ■ - 

HIS GLY ASN TRP HIS ASP VAL BLY PHE TRP GLN LEU ASP' PHt SER 

LE'J PRO VAL PRO PRO' ARG PRO VAL LEU PRO VAL THR GLU ILE 
723 



in which X represents MET or VAL, or of a part of said nucleotide sequence of sufficient length to code for 
a polypeptide still having phosphinothricin-acetyl-transferase activity 
56. The DNA fragment of claim 55 which comprises the following nucleotide sequence : 
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1B3 " GTG AGC CCA GAA 

CG oog GC CCG GCC GAC ATC CGC CGT GCC ACC GAQ Gc0 GAC ATG CCQ 
GCG^GTC TGC ACC ATC GTC AAC CAC TAC ATC GAG ACA AGC ACQ GTC 

AAC TTC CGT ACC GAG CCG CAG GAA CCG CAG GAG TGG ACG GAC GAC 

313 • 



15 CT Lf TC CGT CTG CGG GAG CGC TAT CCC TGG CT C GTC GCC GAG GTG 

363 



\ 



GA Lo GC GAG GTC GCC GSC ATC GCC TAC GCG GGC CCC TGG AAG GCA 

TWO 

CGC^AAC GCC TAC GAC TGG ACG GCC GAG TCG ACC GTG TAC GTC TCC 
CC £ 9 g 5C CAC CAG CGG ACG GGA CTG GGC TCC ACG CTC TAC ACC CAC 

CT 543 TG GCA CAG GGC TTC AAG AGC GTG G7C GCT 

GT 5 P ATC GGG CTG CCC AAC GAC C CG AGC GTG CGC ATG CAC GAG GCG 

CT 633 GA CGC GGC ATG CTG CGG GCG GCC GGC TT C AAG 

CAC GGG AAC TGG CAT GAC GTG GGT TTC TGG CAG CTG GAC TTC AGC 
CTG^CCG GTA CCG CCC CGT CCG GTC CTG CCC GTC ACC GAG ATC 



or a part thereof expressing a polypeptide having phosphinotricin-acetyl-transferase activity 
57. A DNA fragment, for the subsequent transformation of plant cells, coding for a polypeptide havinq 
phosph,notr.cin-acetyl-transferase activity, which consists of a nucleotide sequence coding for the 
so following amino acid sequence : 
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vsperrpveirpataadm 
aa vcdivnhyietstvnp 

R T E P Q T P Q, E W I D D L E R L Q 

d rypwlvaevegvvaoi'a 
ya gpwkarnaydwtvest 

VYV SHRHaRLG LGSTLYT 
HL LKSMEA aGFKSVVAVI 
C L P N D P S V R L H E A L G Y T A 

RGTLRAAGY KHGG WHDVG 

FW Q.RDFELPAPPRPVRPV 
T Q 1 * 

or a part of said nucleotide sequence of sufficient length to code for a polypeptide still havina 
phospinotricin-acetyl-transferase activity. 
58. The DNA fragment of claim 57. which comprises the following nucleotide sequence : 
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TAAAGAGGTGCCCGCCACCCGCTTTCGCAGAACACCGAAGGAGACCACAC 

GTGAGCCCAGAACGACGCCCGGTCGAGATCCGTCCCGCCACCGCCGCCGA 

CATGGCGGCGGTCTGCGACATCGTCAATCACTACATCGAGACGAGCACGG 

TCAACTTCCGTACGGAGCCGCAGACTCCGCAGGAGTGGATCGACGACCTG 

GAGCGCCTCCAGGACCGCTACCCCTGGCTCGTCGCCGAGGTGGAGGGCGT 

CGTCGCCGGCATCGCCTACGCCGGCCCCTGGAAGGCCCGCAACGCCTACG 

ACTGGACCGTCGAGTCGACGGTGTACGTCTCCCACCGGCACCAGCGGCTC 

GGACTGGGCTCCACCCTCTACACCCACCTGCTGAAGTCCATGGAGGCCCA 

GGGCTTCAAGAGCGTGGTCGCCGTCATCGGACTGCCCAACGACCCGAGCG 

TGCGCCTGCACGAGGCGCTCGGATACACCGCGCGCGGGACGCTGCGGGCA 

GCCGGCTACAAGCACGGCGGCTGGCACGACGTGGGGTTCTGGCAGCGCGA 

CTTCGAGCTGCCGGCCCCGCCCCGCCCCGTCCGGCCCGTCACACAGATC^ 
GAGCGGAGAGCGCATGGC 

a part thereof expressing a polypeptide having phosphinotricin-acetyl-transferase activity. 
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- c GG ATC CCG TAC ;i G c - - - - - crG GAA ccc 
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